This study aimed to evaluate color masking effect from treatments with resin infiltrant and two different remineralization agents applied with microabrasion to anterior teeth with developmental enamel defects. The incisors of patients aged 8-17 were evaluated. The study involved two groups including fluorosis (Group 1) and hypomineralization (Group 2) cases. These two groups were further divided based on the treatment received: Group A: Icon ® , Group B: Opalustre ® +Clinpro White Varnish ® , and Group C: Opalustre ® +Tooth Mousse ® . The spectrophotometric values were recorded. Furthermore, the L* and ΔE values were evaluated by repeated measures of ANOVA. The largest increase in L* values over time after treatment was in Group 1A, followed by Group 1C and Group 1B. The largest increase in ΔE values over time after treatment was in Group 1A. Clinically observable difference was achieved as a result of all treatment groups. Especially resin infiltration treatment has been found to be more effective in teeth with fluorosis.
INTRODUCTION
The main reasons of developmental enamel defects are fluorosis and hypomineralization. The outer surface layer to the subsurface layer may have extensive hypomineralization or porosity due to fluorosis 1) . Hypomineralization is an anomaly related to the translucency of tissues. Yellowish/brownish areas are typically observed with these defects, and they arise from the suppression of ameloblast activity during enamel matrix formation and the enamel mineralization stages 2) .
Patients usually have aesthetic-related complaints owing to developmental enamel defects, especially of the anterior teeth; the frequency of these defects ranges between 8.3 and 51.6% 3, 4) . There have been ongoing efforts to address the developmental opaque lesions often observed in the maxillary anterior teeth. The treatment options for the affected teeth are microabrasion, whitening, resin infiltration, composite restoration, composite resin or porcelain veneers. The least invasive approach should be selected to meet the aesthetic demands of younger individuals in particular. Microabrasion and resin infiltration techniques, which can be applied to the tooth without any loss of enamel, have emerged as attractive treatment options in recent years.
The resin infiltration technique is reliable treatment option that is used for the treatment of carious lesions including the non-cavitation of smooth and interfacial surfaces 5) . The treatment of initial carious lesions results in an appearance similar to healthy enamel owing to the camouflage effect of the resin infiltrant, and this technique is also increasingly used in cases of developmental enamel defects [6] [7] [8] [9] .
Microabrasion is another reliable treatment option and is the preferred aesthetic and conservative treatment choice for developmental enamel defects [10] [11] [12] . This treatment option can be used for coloration and tissue changes in fluorosis, enamel hypoplasia, and amelogenesis imperfecta 12) . The treatment smoothes surface irregularities, produces a more regular and shiny surface, and removes opaque and brown stains 12, 13) .
In this study, in treatment groups resin infiltrant was used and also two different remineralization agents, tricalcium phosphate (TCP) and caseinphosphopeptideamorphous calcium phosphate (CPP-ACP), were used with microabrasion to treat the anterior teeth of children and younger adults having developmental enamel defects. This study aimed to evaluate color masking effects of three treatments on fluorosis and hypomineralization cases using spectrophotometer, and to determine the most effective treatment method.
MATERIALS AND METHODS
At the beginning of the study, the ethics committee of the Faculty of Medicine, Süleyman Demirel University approvals were obtained (Resolution No. 128, dated 27th May 2015), and power analysis was performed. In the analysis on fluorosis and hypomineralization, the α value was 0.05, and the power of the test was 0.95; the correlation value was 0.8 over time, and the number of observations for each group was 30.
Selection of study groups
Patients from 8-17 years of age, who had varying degrees of fluorosis and hypomineralization on 1. Opaque white spots affecting less than 1/3 of the tooth surface; white spots are present on the incisal edges of incisors and cusp tips of the molars.
2. Opaque white spots cover an area between 1/3 and 2/3 of the visible tooth surface.
3. Opaque white spots cover at least 2/3 of the surface.
4. There are visible brown colorations on the enamel, changing from light to dark.
5.
There are pits on the enamel surface. Pitting has a different color than the surrounding enamel. No colorations on the intact enamel.
6. Both pits and intact enamel are stained.
7. Confluent pitting is present on the enamel surface. Enamel loss is present due to defects, and anatomy of the tooth is altered by this. Dark brown spots are present. 15) , and had symmetrical lesions on their incisors were included in the study. Patients who had genetically transitional or congenital structural defects in their teeth, tooth disorders, rotation or closing problems involving their anterior segment tooth row, carious lesions or restorations on the anterior teeth, and prior microabrasion or whitening treatments were not included in the study. The necessary written consents were acquired from the patients/parents who met the inclusion criteria, and they were informed about the objectives of the study. The groups were formed due to various scores but similar amount of teeth and tooth groups. The patients were categorized into two groups based on the condition of their teeth; 289 anterior teeth (128 fluorosis and 161 hypomineralization presenting teeth) from 100 patients were selected and evaluated in the study. Furthermore, defects were recorded according to their location by dividing the tooth surface into nine zones ( Fig. 1 ). Patients who have lesion on the 5th zone corresponding to the area from vestibule surface to the middle region, near the 4th and 6th zone, are included the study. Patients included in the study were informed of the tooth issues they were experiencing, and they were individually educated on proper tooth brushing techniques using visual methods.
Application of different treatment methods
The tooth surfaces of the patients were prepared by Soft-lex ® (L502) (3M ESPE, Seefeld, Germany) polish discs. The necessary protective goggles were used, and the teeth were isolated from the lips and gums for all treatment groups. In addition, Opaldam ® (Ultradent Products, South Jordan, UT, USA) was applied to protect the gums of the teeth. Patients who had fluorosis and hypomineralization were subjected to the following treatments: Group A: resin infiltrant treatment, Group B: TCP after microabrasion treatment, and Group C: CPP-ACP after microabrasion treatment (Tables 3  and 4 ). All treatments applied to patient groups were performed in one session (Figs. 2, 3 and 4 ).
Color evaluation by spectrophotometry
Vita Easyshade Advance ® spectrophotometer (Vita Zahnfabrik, Sackingen, Germany) was used to evaluate the masking color of the teeth selected in the study. For the measurements, a D65 fluorescent lamp, which can simulate daylight 16) , was used to illuminate the room, and the position of the unit and the seat was fixed. L*, a*, and b* values were recorded for each tooth based on the CIEL*a* ve b* color space. The L* value (pure whitepure black) is the lightness-darkness parameter. The size of color differences (ΔE) was clinically evaluated by the formula ΔE=[(ΔL*) 2 +(Δa*) 2 +(Δb*) 2 ] 1⁄2 17) .
In this study, 289 anterior teeth (128 fluorosis and 161 hypomineralization presenting teeth) were evaluated. Records were taken by creating the templates of each tooth, and the templates were preserved and used during measurements. A transparent acrylic plaque is prepared for each patient. Space is formed on the plate in accordance with the measuring tip of the spectrophotometer. The measured tooth surfaces were divided into nine sections, and measurements were performed using a spectrophotometer in the 5th zone corresponding to the area from vestibule surface to the middle region, near the 4th and 6th zone. The measurements were repeated at different times (repeated 3 times with the same practitioner), and L*, a* and b* values were recorded at before application, after application, 3rd month and 6th month. The change in L* value over time was evaluated. ΔE value was calculated by taking the difference between L*, a* and b* values of after the application, 3rd month and 6th month with the values before the application.
Statistical evaluation
Statistical evaluation was performed using Statistical Package for Social Science (SPSS) Version 23.0 software (Chicago, IL, USA, 2015). The kappa coefficient was used to determine the consistency among the fluorosis and hypomineralization groups. The L* and ΔE values acquired from the fluorosis and hypomineralization groups were analyzed by repeated measures of ANOVA. The L* values before treatment were included in the analysis as a covariant. In this study the significance level was p<0.01.
RESULTS
Initially, 289 anterior teeth were assessed in the study; however, because patients were excluded (those who were unable to attend regular follow-up sessions and did not meet further criteria), the study ended up assessing a total of 251 teeth (103 fluorosis and 148 hypomineralization presenting teeth).
The kappa coefficient of the fluorosis group was 0.94, and it was 0.88 for the hypomineralization group. Based on the anamnesis forms, it was found that 31.9% of the hypomineralization group had molar incisor hypomineralization (MIH), and 5.6% had primary tooth infection or trauma.
According to spectrophotometric assessment, the L* values acquired from the fluorosis group were subjected to variance analysis, and the relationship between time and materials was statistically significant (p<0.01). The results of Tukey's test are shown in Table 5 . For material assessment, the L* value after treatment in Group A was found to be the highest. The greatest L* value in Group B was acquired in the 6th month. There were no significant differences in L* values in Group C over time.
Based on time assessment, the highest L* values after treatment were selected from Groups A, B, and C. There were no significant differences in the values between the 3rd and 6th month in relation to materials.
Based on variance analysis of the L* values acquired from the hypomineralization group, the relationship between time and materials was not statistically significant (p>0.01, Table 6 ). The ΔE value was statistically evaluated in order to assess color change. Based on variance analysis of the ΔE values of the fluorosis group, the relationship between time and materials was statistically significant (p<0.01). The results of Tukey's test are shown in Table 7 .
In material evaluation, the highest ΔE value was obtained in Group A after treatment, and there were no significant differences over time. For the ΔE value in Group B, there were no significant differences between timeframes. The highest ΔE value in Group C was obtained after treatment and in the 3rd and 6th month.
In time evaluation, the highest ΔE value was obtained in Group A after treatment. There were no significant differences between the other groups. In the 3rd month, the highest ΔE values were in the following order: Groups A, B, and C. There were no significant differences in ΔE values between the groups in the 6th month.
Based on variance analysis of the ΔE values of the hypomineralization group, the relationship between time and materials was statically significant (p<0.01). A and B) show the time differences in each material, while the lower case letters (a and b) show the material differences in each time.
The results of Tukey's test are shown in Table 8 .
In material evaluation, the highest ΔE value was acquired in Groups A and B after treatment, and there were no significant differences among the ΔE values over time. Furthermore, there were no significant differences among the ΔE values of all timeframes in Group C.
In time evaluation, the lowest ΔE values after treatment were found in Group C, and there were no significant differences between the other groups. In addition, there were no significant differences in ΔE values in the 3rd and 6th month among the groups.
DISCUSSION
Opaque color changes can occur as a result of damage before or after tooth eruption. Fluorosis, hypomineralization due to trauma, and MIH are the most frequently observed opaque enamel lesions before tooth eruption. Opaque enamel lesions observed after tooth erupting are initial carious lesions 18) . These conditions can cause aesthetic issues that particularly affect children and younger adults.
Patients with fluorosis on their anterior teeth were selected for this study. The number of younger individuals visiting clinics because of a non-aesthetic appearance is increasing because of endemic fluorosis (Isparta, Turkey). Microabrasion treatment has been recommended in the literature for the treatment of fluorosis with scores of 1-4 on the TSIF 12, 13) . In addition, resin infiltrant treatment has been found to be successful in a small number of studies and case reports 8, 19) .
In this study, two groups were formed (fluorosis group and hypomineralization group) in order to observe the effect of different materials. Different etiologies may be involved in the hypomineralization group (Group 2). Based on data in the anamnesis forms, 31.9% of the hypomineralization group had MIH, and 5.6% had primary tooth infection or trauma. However, the stated ratios may not be reliable because the information provided by parents about their children's infancy and childhood were based on memories. Therefore, despite the probability of the treatment results being affected, patients with scores of 1-5 on the MDDEI were included in the same group by ignoring the etiological factors. In studies involving hypomineralized teeth in this scoring range, depending on etiologic factors, it is stated that the preference of microabrasion and resin infiltrant treatments provides color masking, albeit not always 8, 9, 20) . According to an in vitro study, the depth of lesions and morphologies can vary owing to the histologic structures of the defects caused by various etiologic factors; furthermore, resin infiltration can lead to lesion shaping known as the edge effect 18) .
Various factors have been observed to affect the results in color masking studies. To minimize this effect, the patient groups were selected based on inclusion criteria. Additionally, brushing techniques were individually demonstrated by discussing the effect of a liquid diet on the treatment.
Color evaluation was performed visually and with a device 17, 21) . Based on the comparison of the two evaluation methods, spectrophotometry may be more consistent, and it provides an objective color evaluation in addition to the acquired quantitative data 22) . Furthermore, color evaluation by spectrophotometry has been suggested to be the most reliable method for in vivo and in vitro conditions. Easyshade spectrophotometer, which is recommended as the most sensitive spectrophotometer for in vivo conditions, was used to evaluate the masking color of the teeth selected in the study 23) . Lighting and observation geometries were considered when making color measurements with the device, and it was ensured that there was no edge loss 24, 25) . L* and ΔE values, acquired by spectrophotometry, were evaluated in relation to both time and materials. The L* value is a lightness-darkness parameter that is the most suitable for the comparison of experimental conditions among the different spectrophotometric parameters [26] [27] [28] . In a study, the tooth surface was divided along the middle axis into different sections, and the L*, a*, and b* values were measured. The L* value was the highest value in the middle region, and lower values were detected from the tooth gum toward the incisal edge 29) . Measurements around the middle parts of the labial tooth surface may be the most consistent 30) . ΔE values, demonstrating color changes between the two timeframes, were higher than 3.7 units (ΔE>3.7), thus indicating a clinical change 31, 32) . L* and ΔE values were evaluated by assessing the middle region of a tooth in the study. The comparison between tooth surfaces did not include developmental enamel defects and healthy enamels; it only aimed to evaluate the changes over time following treatment in our study. The measured tooth surfaces were divided into nine sections, and measurements were performed using a spectrophotometer in the 5th zone corresponding to the area from vestibule surface to the middle region, near the 4th and 6th zone. Reference points were detected by individual templates prepared for each selected tooth, and the same template was used before and after treatment in the 3rd and 6th month for measurements.
In this study, it is predicted that the parameters we evaluate will decrease depending on the time factor. These values should be assessed with re-applications to be made at periods of 3 or 6 months. Considering the cytotoxic effects of the application frequency of the materials, the clinical studies to determine the consensus and the method of application frequency gain importance.
By evaluating the L* value (lightness-darkness parameter) in the study, a significant difference was found in fluorosis group for all treatment groups, and the L* value was increased. In the group of fluorosis, which also has yellow/brown colorations, patient satisfaction has increased due to the increased L* value. There was no significant difference in the hypomineralization group. Any differences may result from the transition of the material via the subsurface porosity structure in the fluorosis group. Clinical trials, both in terms of material and time, such as our study, have not been seen in accessible references. In our study, only the lesions were treated with treatments and the treated surfaces were evaluated according to the time factor. Various results have been reported by in vitro studies on initial carious lesions. The increasing 33) and decreasing 34, 35) L* values in these studies may be caused by resin infiltrant treatments. The findings may be associated with the infiltration of the resin infiltrant into micropores, reinforcing of the enamel by supporting its prism structure with a refractive index similar to that of enamel. Another study on the effect of microabrasion treatment found that the L* value decreased substantially, and it could be related to the removal of demineralized enamel during treatment 36) . The L* value was reported to be significantly increased after CPP-ACP treatment 34) .
In our study, it was also thought that the L* value was increased, due to differences in the area and depth of the affected lesion, and due to the involvement of the dentin affected by the fluoride. This is probably due to the fact that the teeth involved in the fluorosis group are determined according to the clinical condition of the enamel. The results obtained with the application of the materials to the entire surface should be seen with the clinical studies to be performed and should be determined whether the tone differences can be raised or not.
Based on the assessment of the ΔE value as well as L* value, >3.7 was determined to be the accepted threshold value. This was the accepted threshold value of color change, and it was >3.7 for all treatment groups in the fluorosis and hypomineralization groups. Based on the ΔE value over time, the highest value was obtained after treatment. Different ΔE values were acquired in the resin infiltrant group during in vitro studies related to initial carious lesions. The ΔE value may increase 36) or decrease 33, 37) . The ΔE value has been found to increase after treatment in a study related to microabrasion 36) . In these studies, ΔE value was calculated according to the values before and after the application. When the materials in the fluorosis and hypomineralization groups were assessed according to time, ΔE> 3.7 in our study. Over time, this value has been reduced. When the materials were evaluated with each other, the highest value after the treatment in the fluorosis group was found in the Icon group. This situation has been preserved in the 3rd and 6th months. When the materials in the hypomineralization group were evaluated with each other, ΔE value was highest in the Icon and Clinpro groups after the application. No differences were observed during the 3rd and 6th months. These materials have not been observed in accessible references where they are evaluated on a timely basis. Resin infiltrant treatment in both groups was considered to be more effective when compared to other groups because the increase of ΔE value was the highest.
The differences in spectrophotometric measurements acquired by in vitro studies may be attributed to the spectrophotometers having different surface areas of measurements. Nevertheless, the spectrophotometer in this study was only used to perform single surface measurements of the tooth surface. The defect sections of the tooth surface were evaluated by measuring up to the diameter of the device tip. However, the results of other studies were not similar to those of our study under in vivo conditions; the differences may be attributed to factors such as in vitro conditions, usage of human and bovine tooth, treatments of the initial carious lesions, pre-treatment before the treatment process, and time length. Standardization in measurement surface areas can be achieved by using spectrophotometers with similar surface measurements. The number of studies to be performed in vivo conditions should be increased by standardizing factors belonging to the patient and device.
CONCLUSION
Treatments with resin infiltrant and two different remineralization agents (TCP and CPP-ACP) applied with microabrasion for anterior teeth with developmental enamel defects, fluorosis and hypomineralization, were evaluated and a clinically observable difference was achieved as a result of all treatment groups. Resin infiltrant treatment was successful in both fluorosis and hypomineralization cases, especially more effective in teeth with fluorosis. At the end of the study, resin infiltrant, which resulted in the highest ΔE value, was determined to be beneficial. To address the decrease in ΔE values over time, the material may be replicated at specific time intervals. However, further studies are required to determine the material's repetition time and detect any potential side effects on the teeth and surrounding tissue.
